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(57) Abstract 

An integrated circuit comprises a node (38)jhat is boosted by one or more boost capacitors depending on the level 
of the power supply voltage. When the level is below a given threshold, a first boost capacitor (30) is activated. Additional 
boost capacitors (C31, C33) may be provided for activation at still lower thresholds. The boost capacitors are deactivated 
when the power supply level exceeds the corresponding thresholds. In this manner, a more constant boosted voltage is ob- 
tained This provides for an adequate boosted voltage at low power supply levels, while avoiding excessive boost at high 
power supply voltages that could damage devices. The technique may be used for boosted row conductors in dynamic ran- 
dom access mem ones, among other applications. _ 
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INTEGRATED CIRCUIT HAVING A VARIABLY BOOSTED NODE 

Background of the Invention 

1 . Field of the Invention 

5 The present invention relates to an integrated 

circuit having at least one electrical conductor boosted to 
a voltage in excess of a power supply voltage. 

2. Description of the Prior Art 

The use of voltages in excess of the power supply 

10 voltage is common in integrated circuits, especially those 
Implemented in field effect transistor (PET) technology. 
The "boosted node" technique is used typically to overcome 
the threshold voltage drop (Vth) of a FET when it is 
desired to pass a signal therethrough (i.e., from source to 

15 drain) without reducing the magnitude of the signal. For 
example, in dynamic random access memory (DRAM) design, the 
use of a boosted row conductor is typical. This technique 
increases the gate voltage on the access transistors in a 
selected row so that the threshold voltage drop does not 

20 substantially reduce the voltage level of the data stored 
in the respective storage capacitors. 

One problem with prior art boost generators has 
become more apparent as the thickness of the gate oxides of 
devices connected to the^boosted node are decreased. Then, 

25 the electric fields increase across such devices if the_ 
boost voltage is maintained at a given value. For example 
the gate oxides of DRAM access transistors are subjected to 
excessive electrical stress if subjected to the high fields 
produced by prior art techniques over prolonged periods of 

30 time. This can lead to failure of a device, or degradation 
of its performance. Therefore, means have been included in 
boost generators to limit the amount of boost they produce. 
However, such means, in the "past, have been found to 
excessively reduce the available boost voltage in 

35 situations where the supply voltage is somewhat low or to 
provide excessively high boost voltage when the supply 
voltage is relatively high. : 
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Summary of the Invention 

We have invented a boost generator circuit 
suitable for implementing in integrated circuit form 
wherein the degree of boost is varied by activating one or 
5 more boost capacitors. The number of capacitors providing 
the boost is determined by the level of the power supply 
voltage applied to the integrated circuit. 
Brief Description of the Drawings 

FIG. 1 illustrates an embodiment of the variable 
10 boost generator of the present invention. 

PIG. 2 illustrates a circuit embodiment of a 
voltage comparator suitable for implementing the present 
invention. 

FIG. 3 illustrates the boosted voltage versus 

15 power supply voltage for the circuit of FIG. 1. 
Detailed Description 

The following detailed description relates to a 
technique for varying the boost voltage on a boosted node. 
This technique provides for activating a varying number of 

20 boost capacitors depending upon the power supply voltage 
applied to an integrated circuit chip or wafer. This 
technique overcomes certain disadvantages of prior art 
diode limiting techniques. In particular, one prior art 
limiting technique provides that the boosted voltage 

25 increases linearly with power supply increases. Hence, at 
low Vcc values (e.g., 4.5 volts) the boosted voltage is 
relatively low (e.g., 5.1 volts). This can degrade 
the performance of circuits receiving the boosted voltage. 
At high Vcc values (e.g., 7 volts), the boosted voltage is 

30 then proportionately higher (e.g., 7.6 volts). This may 
lead to premature failure of devices receiving the boosted 
voltage. In other prior art arrangements, a diode is used 
to limit the boosted voltage. This, however, results in a 
transient current flow, or "spike" from the boosted node to 

35 the Vcc supply -each time the boost signal is applied. This 
can inject noise and voltage fluctuations into the power 
supply and associated circuits. Also, in the case of 



WO 86/04724 



PCT/US86/00160 



- 3 - 

dynamic random access memories wherein information is 
stored as charge in a storage capacitor, the current spike 
can inject electrical carriers into the substrate that can 
interfere with the stored information. 
5 The present invention is illustrated in an 

exemplary embodiment in PIG. 1. An input signal applied to 
input node 30 causes transistor M30 to conduct when node 30 
is at a high voltage state. The input signal may itself be 
at an initially boosted level, and then return to Vcc prior 

10 to the activation of the boost capacitor, as is assumed for 
the exemplary case herein, in which case the conduction of 
M30 places the output node 38 at approximately the level of 
Vcc. However, the input signal can alternately be 
unboosted; it is then typically a threshold voltage drop 

15 below Vcc when in the high state herein. In that case, 
output no v de 38 is placed, assuming a negligible load 
resistance thereon, at Vcc-Vth volts. 

Assuming initially that Vcc is at a relatively 
high level (e.g., 7 volts), no boost capacitors are 

20 activated. When the level of Vcc goes below a first 

threshold level, a first threshold line TH1 is activated by 
being placed at a high level by comparator 39. This allows 
NAND gate 33 to respond to the input signal, thus causing 
inverter 32 to bring one plate of boost capacitor 32 to a 

25 high level when the input signal is high. This in turn 
causes the opposite plate of C30 to boost the voltage on 
the output node 38. When the level of Vcc goes below a 
second threshold less than the first one, the comparator 
activates TH2 and hence, capacitor C31 in a similar manner. 

30 A third boost capacitor, C32, is likewise activated when a 
third threshold is reached. The present technique may be 
implemented using one, or more, boost capacitors up to any 
number . 

When the input signal goes low at node 30, 
35 transistor M30 is turned off, while M31 is turned on by 

inverter 31 . This action discharges the boosted node to a 
lower voltage, typically Vss, through M31. If desired, 
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node 38 may be discharged to a level other than Vss (0 
volts) , by appropriate choice of source voltage on M31. 
Also f when input node 30 goes low f the NAND gates 33, 35, 
and 37 go high, so that one plate of each of capacitors 
5 C30, C31, and C32 are brought to a low level by inverters 
32, 34 and 36, respectively. This allows the boost 
capacitors to recharge by conduction through M31 in 
preparation for a subsequent boost, initiated when input 
node 30 again goes high. 

10 A comparator circuit suitable for use with the 

present technique is shown in FIG. 2. As shown, 
transistors M40 and M41 serve as a voltage divider to 
provide a voltage at a reduced level at node 40 that is 
approximately comparable to the value of the switching 

15 thresholds of the inverters connected thereto. The divided 
voltage at node 40 also tracks changes in Vcc. The divider 
transistors desirably have relative long channel lengths 
and narrow channel widths to reduce current flow 
therethrough. If desired, the Vcc value applied to the 

20 drain of M40 can be derived from the output of a logic 

circuit that can be clocked to a high level only when the 
boosted voltage is desired, to further reduce power 
consumption. A level of about 2 volts is thus provided at 
node 40 in an exemplary case. The inverters comprise 

25 complementary transistor pairs M43-M44, M46-M47, and M49- 
M50. Optional voltage reduction transistors M42, M45, and 
M48 may be used to provide a reduced voltage across the 
inverters, to protect the n-channel transistors from "hot 
carrier" effects, if desired. A regulated reference 

30 voltage, Vref , is provided as shown, and has a typical 

value of about 5.5 volts. The three inverters have p- and 
n-channel transistors of differing gain ratios, to provide 
for different inverter switching thresholds. For example, 
choosing M49 and M50 to have equal gains provides a 

35 switching threshold of about one-half of the voltage across' 
the pair. If the protective transistor M48 has a threshold 
of about 1.5 volts, then about 4 volts appears 
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across M49-M50. Hence, the switching threshold is about 2 
volts. Choosing the p-channel transistor in a pair to have 
a larger gain than the n-channel one produces a higher 
(more positive) switching threshold. . The differences in 
5 gain are usually produced by differences in size of the 

transistors; an increase in channel width, or a decrease in 
channel length, increase the gain. 

The inverter pair M46-M47 has a higher switching 
threshold than M49-M50, due to M46 having a larger gain 

10 than M47, whereas inverter M43-M44 has a still higher 

"threshold. The result is that threshold control lines TH1- 
TH3 activate the corresponding boost capacitors (C30-C32 in 
FIG. 1, respectively) as the voltage level of Vcc 
decreases, and deactivate them when Vcc increases, as noted 

15 above. The degree of boost is determined in part by the 
size of the boost capacitors in relation to the load 
capacitance (C33 in FIG. 1). Note that the deactivated 
capacitors also serve as a load to some extent, depending 
on the output resistances of the associated inverters. A 

20 typical relationship between the boost voltage at node 38 

(V B0QST ) versus Vcc is shown in FIG. 3. Note that 

V^^„ m ranges only from about 6 to 7 volts when Vcc 
BOOST ' 

ranges from about 4 to 7 volts. Hence, a significantly 
improved degree of regulation of the boost is obtained as 

25 compared to prior art techniques. The foregoing discussion 
has shown switching thresholds that are the same whether 
the power supply level is increasing or decreasing. 
However, it is alternately possible to include a hysteresis 
in one or more of the thresholds. Then, a given capacitor 

30 is activated at a different (typically lower) power supply 
voltage than that at which it is deactivated. The 
hysteresis can be used to reduce the effects of noise or 
other disturbances that could cause "hunting" of the 
boosted voltage. Hence, as used herein, the term 

35 "threshold" includes the possibility of a hysteresis. 

However, the amount of the hysteresis for a given threshold 
is typically less than the difference in thresholds between 



WO 86/04724 



PCT/US86/00160 



- 6 - 

activation (or deactivation) of successive boost 
capacitors . 

The present technique is. readily implemented with 
typical complementary field effect transistor (e.g., CMOS) 
5 technology, but may also be implemented with bipolar 

transistors. Note also that while a positive boost voltage 
has been discussed for the illustrative case herein, a 
negative boost voltage is also possible. That is, voltages 
more negative than the reference power supply potential 

10 (Vss) are possible. In that case, the charging and 

discharging transistors are typically p-channel devices. 
The terms referring to the voltage levels associated 
therewith then refer to the absolute magnitude of the 
voltages with respect to the reference level. Note also 

15 that the above discussion has been in terms of two power 
supply voltages (e.g., +5 and 0 volts). 

However, integrated circuits are known that operate with a 
greater number of power supply levels. For example, 
emitter coupled logic (ECL) circuits operate with three 

20 voltage levels, typically 0, -2, and -5.2 volts. The 
boosting according to the present technique may be 
accomplished with respect to any of the power supply 
voltage levels. However, it is most typically utilized 
with respect to the most positive or most negative power 

25 supply voltage levels supplied to the integrated circuit. 
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Claims ; 

1. An integrated circuit comprising a node (38) 
adapted to being boosted to a voltage level in excess of a 
power supply (Vcc) level applied thereto, 

5 CHARACTERIZED IN THAT 

means are provided for boosting said node an 
amount dependent on said power supply level f with said 
means comprising a first boost capacitor (30) that is 
activated when said power supply level is below a first 
10 threshold , and is deactivated when said power supply level 
is above said first threshold, and means (39) for comparing 
said power supply level against said threshold. 

2. The integrated circuit of claim 1 further 
comprising an additional boost capacitor (C31) that is 

15 activated when said power supply level is below a second 
threshold, and is deactivated when said power supply level 
is below a second threshold, and is deactivated when said 
power supply level is above said second threshold, wherein 
said second threshold is less than said first threshold. 

20 3. The integrated circuit of claim 1 further 

comprising a row of memory cells each of which comprises an 
information storage capacitor and an access transistor 
connected thereto, wherein said row of memory cells is 
selected when a corresponding row conductor is placed at a 

25 high voltage level, and wherein said node adapted to being 
boosted supplies said high voltage level. 

4. The integrated circuit of claim I further 
comprising a voltage comparator means for activating said 
boost capacitor when said power supply level is less than 

30 said first threshold, and for deactivating said boost 

capacitor when said power supply level is above said first 
threshold. 

5. The integrated circuit of claim 4 wherein said 
voltage comparator comprises an inverter comprising a p- 

35 channel field effect transistor and an n-channel field 
effect transistor having a first gain ratio. 

6. The integrated circuit of claim 5 wherein said 
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voltage comparator means further comprises a second 
inverter comprising a p-channel field effect transistor 
and an n-channel field effect transistor having a second 
gain ratio different from said first gain ratio. 
5 7. The integrated circuit of claim 1 wherein said 

means provides a hyusteresis for said first threshold, 
wherein said first boost capacitor is activated at a lower 
power supply level than that at which it is deactivated. 
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